I. INTRODUCTION
The Optical Polarimeter (see Fig. 1 ) has been in use as one of the backend instruments (Deshpande et al., 1985 , Joshi et al., 1987 This instrument enables the study of polarisation at optical wavelengths of a wide variety of astronomical subjects ranging from comets and stars to blazars. To minimize the error due to the background sky light, one should use the smallest apertures possible (say 6 to 10 arc sec), however in the case of visual centring of the source this is not always possible due to the very small contrast between the typical sources of interest (such as blazars / quasars) and the sky. In the absence of on-axis guiding, it was not possible to make long integrations to improve the signal-to-noise ratio.
In order to improve the efficiency of the instrument and to address the above shortcomings we have completely overhauled and rebuilt the acquisition system and added new subsystems. To reduce human interaction the instrument can be operated from anywhere on the local area network (LAN). Since the automation, the instrument has been used extensively from the fully enclosed telescope control room adjacent to the telescope floor(dome) and also remotely from PRL campus at Ahmedabad. In principle, the operator/observer can be stationed anywhere on the PRL computer network including Ahmedabad / Thaltej.
In this report we provide a brief overview of the techniques employed to upgrade the instrument. While the concepts discussed here have been implemented for an astronomical instrument, they are general enough to be applicable to other experimental sciences wherever remote control is desired. Further reports in this series will elaborate on the various aspects in much greater depth. This is done with a view to make the reports as modular and self-contained as possible so that information of interest is easy to locate for developing other instruments in future.
II. PRINCIPLE OF OPERATION
The principle of operation of the instrument is described by Frecker & Serkowski (1976) The neutral density filter reduces the incoming starlight by 2.5 magnitudes.
Wollaston prism and the respective counts registered by two independent photon counting photo-multiplier tubes.
Due to the modulation, the recorded counts exhibit a sine wave pattern in 24 steps. Since this includes contribution from the sky, an equally large, vacant area of the sky adjacent to the source is observed. These counts are subtracted from the counts recorded for the object of interest. A function of the form
is fitted to the counts I j recorded at different positions of the half-wave plate (angle θ j ) and the Stokes parameters describing linearly polarised light I 0 , Q and U are obtained. From these the degree, p, and position angle, Θ, of polarisation are readily obtained using the simple formulae:
III. HARDWARE A distributed embedded control system (see block diagram in Fig. 3 
2) Starlight Xpress SXVF-M25C:
The SXVF-M25C
CCD Camera from Starlight-Xpress is a one-shot-colour CCD camera with a large field of view. It has 3024×2016 pixels in a Bayer matrix. This CCD shares the same USB interfacing techniques as the SXV-H9 and is also connected with the telescope movements via the guider interface. With it's large field of view it is used for the field acquisition and source identification. This CCD is mounted in place of the field acquisition eyepiece (see Fig 2) . If need be, both CCDs can be interchanged.
C. Micro-controller subsystems
An AVR micro-controller PCB board has been developed in house. We have designed and built this board 3) LCD driver: Yet another serial port on the Prometheus board is used to display status information on a character matrix LCD mounted on the embedded system. This is again coupled via another AVR board which takes serial input and provides suitable glue logic to display it on the LCD. 
D. Power supplies

IV. SOFTWARE
A. Operating system
We make use of the GNU/Linux Operating System for the control of the instrument. This is a unix like operating system available for a large variety of microprocessors.
It is easily scalable from 32 bit AVR microprocessors to high end clusters (super-computers). We have been using this OS for the analysis of astronomical data from most of our instruments (CCD and NICMOS images etc.) and all analysis and developmental software are freely available for this OS under the GNU General Public In Fig. 5 we show the block diagrams of the software implementation on the two PC104 systems (Prometheus for the main polarimeter system and Aaeon for the CCD sub-systems). As shown, both user and kernel space codes have been developed for this instrument and are described in the following sub-sections.
B. Kernel space drivers 1) Stepper driver board and Onyx counter boards:
The control software consists of both kernel space as well as user space code. Kernel level codes (marked as rtopal in Fig.5 initialise all the 3 PC-104 interface boards (2 Onyx boards and the 8-phase stepper driver board).
The integration or exposure starts after the starting one of the counters is enabled and is down counting.
At the end of the 2msec the first counter is disabled by a suitable gating level and it is read out by the host processor and then reset. At the same time an inverted gate is supplied to the second counter which starts counting down until the end of 2msec and so on. The same process is followed for the second PMT+counter board combination at the same time. All other functions are disabled during the time the system is recording the counts from the celestial sources (which can be of typically few seconds to few minutes in duration). By using hardware gating we have precisely equal intervals for each readout independent of any interrupt jitter that is always present in a multi-tasking OS (although that in itself is also minimised with the RTAI extensions). The device driver software code is available from the authors.
2) CCD USB device driver:
The USB device driver for the two CCD cameras is derived from the code originally written by David Schmenk. The SXV-H9C CCD camera is directly supported by ccd kernel version 1.8.
In the case of the SXVF-M25C camera, the ccd kernel driver had to be modified to include appropriate device parameters and also to adapt the code to the special readout mode of the CCD chip.
C. User space GUIs
The instrument is controlled by Graphical User In- A tar file containing the entire source code is available on request from the authors. software uses the gnome library files and so has a little larger memory requirement than the OPAL GUI. GCCD is available on the website listed in the resources below.
As already mentioned it is also possible to make small movements of the telescope to accurately centre the source in the aperture while monitoring the CCD view.
Thus the instrument is fully integrated with the telescope control system.
D. AVR firmware
All the five Atmega 8 microcontrollers used in this instrument were programmed using a version of C • Frecker, J. E., Serkowski, K., 1976, Linear polarimeter with rapid modulation, achromatic in the 0.3-1.1-micron range, Applied Optics, v. 15. pp.
605-606.
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